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7KLVSKHQRPHQRQ FDOOV IRU WKH UHRUJDQL]DWLRQRI WKH FRQFHSWXDO IUDPHZRUNGXULQJ WKHDUFKLWHFWXUDO GHVLJQSURFHVVZKHUH GLIIHUHQWNLQGVRI
PRGHOV FRH[LVW DQG FRQWLQXRXVO\ HYROYH  %H\RQG WKH DG KRF FRPPXQLFDWLRQV EHWZHHQ WZR PRGHV RI PRGHOV D V\PELRWLF IUDPHZRUN LV












GHVLJQ VROXWLRQV 0RGHOV DUH DOVR XVHG IRU PRUH WDQJLEOH FRPPXQLFDWLRQ EHWZHHQ GHVLJQHUV DQG FOLHQWV RU FROODERUDWLQJ




PRGHO UHSUHVHQWV VRPHWKLQJ :LWK WKH DGYDQFHV LQ FRPSXWHU WHFKQRORJLHV GLJLWDO PRGHOV KDYH HYROYHG LQWR HVVHQWLDO WRROV
H[SDQGLQJ WKH KRUL]RQ RI GHVLJQ ODQJXDJHV .LP  .LP  ([SHULPHQWDO DQG FRPSOH[ JHRPHWULHV EHFDPH XQLYHUVDO
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WKHGHVLJQDUWLIDFWVRIDF\EHUVSDFHE\DGGLQJPRUHLQWHUDFWLYHIHDWXUHVWRWKHGLJLWDOPRGHO6LQJK9RODQGHU&DODGR






1RW EHLQJ IDU GLIIHUHQW IURP WUDGLWLRQDO SK\VLFDO HTXLYDOHQWV VXFK DVZRRGPRGHO GLJLWDOPRGHOV OLNH 'JHRPHWULFPRGHO
KDYH EHHQ H[WHQVLYHO\ XVHG IRU IRUPPDNLQJ SURFHVV 7KLV SURFHVV LQYROYHV LWHUDWLYH FUHDWLQJ DQG PRGLI\LQJ RSHUDWLRQV WKDW
UHTXLUHPDQXDOFUDIWRIWKHGHVLJQHUDVDFRPSXWHURSHUDWRU0RVWRIGLJLWDOPRGHOLQJZRUNVDUHVWLOOFRQGXFWHGDWWKLVOHYHO7KLV
IRUPPDNLQJ SURFHVV EHFRPHV IDVWHU WKDQ HYHU GXH WR WKH GHYHORSPHQW RI FRPSXWDWLRQ GHVLJQ PHWKRGV VXFK DV JHQHUDWLYH
SDUDPHWULF GHVLJQ DQGGLJLWDO IDEULFDWLRQ7KHVHPHWKRGRORJLHV DUH DOVR HYHQEHWWHU VXSSRUWHG E\ WKH SRZHUIXO VLPXODWLRQ DQG












RI 7KLQJV ,R7 DQG 6PDUW PDWHULDOV 7KH IRUP VSDWLDO FRQILJXUDWLRQV DQG SURSHUWLHV RI WKH FRPSRQHQWV FDQ EH FKDQJHG LQ
UHVSRQVH WR XVHU¶V LQIRUPDWLRQ DQG HQYLURQPHQW VWDWH 7KH6$0SURYLGHGZLWK YHUVDWLOH LQWHUDFWLRQ FKDQQHOVZLWK WKH GLJLWDO
PRGHO FDQ RYHUFRPH WKH OLPLWDWLRQV RI WUDGLWLRQDO DQDORJ PRGHOV )XUWKHUPRUH LW DXJPHQWV WKH IRUPILQGLQJ SURFHVV RI WKH





XVHU¶V LQWHUDFWLRQV ZLWK WKH VSDFH DQG WKH OHYHO RI SHUIRUPDQFH GXULQJ WKH GHVLJQ VWDJH 7KLV QDWXUH LV HVVHQWLDO WR WKH
LPSOHPHQWDWLRQ RI VPDUW VSDFH DV WKH XVHU IHHGEDFN FDQ EH UHIOHFWHG LQWR WKHPRGLILFDWLRQ RI WKHPRGHO IURP WKH LQGLYLGXDO
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
 )LJ5ROHVRI'LJLWDODQG$QDORJ0RGHOV 
2. Research Objectives 
7KHVPDUWVSDFHFKDQJHV LWV IRUPDQG IXQFWLRQ LQUHVSRQVHWRWKHXVHU¶VQHHGVSUDFWLFDOO\ LQUHDO WLPH7KLVNLQGRIVSDFH LV
UHFRQILJXUDEOH WR FUHDWH DQ RSWLPXP HQYLURQPHQW IRU XVHU¶V WDVN DQG HPRWLRQDO VWDWH ,W FDQ EH DFFRPSOLVKHG E\ FKDQJLQJ
PDWHULDOSURSHUWLHVRUVWDWHVRIVSDWLDOHOHPHQWVZKHQWKHVSDFHGHWHFWVWKHVWDWHRIWKHXVHUDQGHQYLURQPHQW0RUHRYHUWKHVPDUW
VSDFH FRXOG EHKDYH LQWHOOLJHQWO\ VXFK WKDW LW LQIHUV WKH XVHU¶V QHHGV RU WDVNV E\ OHDUQLQJ WKH SDWWHUQV RI XVHU¶V QHHGV 7KLV
LQIHUHQFHLVFRQGXFWHGRQWKHDFFXPXODWHGGDWDRILQWHUDFWLRQVEHWZHHQWKHVSDFHDQGWKHXVHU7KDWLVWKHVPDUWVSDFHLPSURYHV
VSDWLDO LQWHOOLJHQFHE\WKH OHDUQLQJDQGLQIHUHQFH)URPDQGHVLJQSRLQWRIYLHZV IXWXUHVPDUWVSDFHGHVLJQFDQEHHQKDQFHGE\
XVLQJVWRUHGLQWHUDFWLRQGDWDHYHQWKRXJKFXUUHQWO\LPSOHPHQWHGVPDUWVSDFHVFDQQRWIXOO\VDWLVI\WKHXVHU¶VQHHG7KHUHIRUHWKH
VPDUWVSDFHLVGLIIHUHQWLDWHGIURPH[LVWLQJVSDFHLQWKDWLWIHDWXUHVIOH[LEOHDQGHYROXWLRQDU\PRGHVRIUHVSRQVHWRXVHU¶VQHHG
&RPSDUHG ZLWK WKH FRQYHQWLRQDO EXLOGLQJ VSDFH WKH VPDUW VSDFH LV UDWKHU FORVHU WR D PDFKLQH V\VWHP WKDW RUFKHVWUDWHV
FRPSRQHQWV VXFKDV VHQVRUVDFWXDWRUVDQGVPDUWPDWHULDOV WRSHUIRUPDGHVLUHG IXQFWLRQ7KHUHIRUHDQ LQWHJUDWHGHQJLQHHULQJ
SURFHVVLVQHFHVVDU\EH\RQGWKHIRUPRULHQWHGGHVLJQ7KLVGHVLJQHYROYHVLQVXFKDSURFHVVWKURXJKWKHF\FOHRIUHFRQILJXUDWLRQ
RIQHZWHFKQRORJ\LQWHJUDWHGFRPSRQHQWVDQGRYHUDOOSHUIRUPDQFHHYDOXDWLRQ$SURWRW\SLQJPHWKRGRORJ\QHHGV WREHDSSOLHG
VRWKDWDQLWHUDWLYHSURFHVVRIWHVWDQGUHYLVLRQ LVFRQGXFWHGXQWLO WKHUHTXLUHG OHYHORISHUIRUPDQFHLVDFFRPSOLVKHG(PHUJLQJ
WHFKQRORJLHVDV,R7DUHWREHLQWHJUDWHGZLWKDUFKLWHFWXUDOVSDFHLQWKLVZD\6XFKDSURFHVVOHDGVWRWKHJHQHUDWLRQRIQXPHURXV




DOORZV GHVLJQHUV WR DQDO\]H DQG JHQHUDWH DOWHUQDWLYHV UDSLGO\ EXW DOVR KHOSV UHDOL]H H[SHULPHQWDO DQG HYROYLQJ DUFKLWHFWXUDO
GHVLJQ 6XFK D UROH RI GLJLWDO PRGHO LV DOVR VLJQLILFDQW LQ GHVLJQLQJ WKH VPDUW VSDFH+RZHYHU D QHZ NLQG RI DQDORJPRGHO
LQWHUDFWLQJZLWKWKHGLJLWDOPRGHOLVQHHGHGWRVXSSRUWWKHSURWRW\SLQJSURFHVVUHTXLUHGIRUVPDUWVSDFHGHVLJQ,QWKLVSDSHUWKH
QRWLRQRI6PDUW$QDORJ0RGHO 6$0 LV LQWURGXFHG7KH6$0DLPVDW EHWWHU VXSSRUWLQJ WKH FRQWURORI ,&7LQWHJUDWHGGHVLJQ
HOHPHQWVMXVWLQWLPHDQGWKHUDSLGLPSOHPHQWDWLRQRIQHZSURWRW\SHV7KH6$0ZLOOSOD\DFUXFLDOUROHIRULPSURYLQJWKHRYHUDOO
SHUIRUPDQFH RI VPDUW VSDFH DV LW LV DGDSWLYH WR GHVLJQ LQIRUPDWLRQ EXLOW WKURXJK WKH WZRZD\ LQWHUDFWLRQZLWK LWV FRXQWHUSDUW
GLJLWDOPRGHO,QWKHSURFHVVRI LPSOHPHQWLQJDQG LQWHUDFWLQJZLWKWKH6$0GHVLJQHUFDQEHWWHUJUDVSWKHFRQVWUXFWLRQPHWKRG
DQG WKH RYHUDOO SHUIRUPDQFH RI VPDUW VSDFH 7KHUHIRUH D V\PELRWLF LQWHUDFWLRQ EHWZHHQ 6$0 DQG '0 ZLOO IDFLOLWDWH
XQGHUVWDQGLQJWKHHYROYLQJSURFHVVRIWKHVPDUWVSDFHGHVLJQDQGHQKDQFLQJLWVSHUIRUPDQFH)LJ

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
)LJ'LJLWDOYHUVLRQVDQGDQDORJSURWRW\SHVLQGHVLJQRIUHFRQILJXUDEOHVPDUWVSDFH
,Q WKLVSDSHU VPDUW VSDFH LVGHILQHG ཛ DQG WZRZD\ LQWHUDFWLRQVEHWZHHQ6$0DQG'0 LVSURSRVHG IRU LPSOHPHQWLQJD
VPDUWVSDFHGHVLJQཛྷ7KHQSURWRW\SLQJRIVPDUWVSDFHLVSURSRVHGLQGHVLJQSURFHVVཝ)LJ





DFWXDWLQJDQGSURFHVVLQJ5HDOWLPH LQWHUDFWLRQDQGHYROXWLRQDOSURFHVVRIVPDUWVSDFH LVH[SODLQHGE\ FRPSULVLQJ
PXOWLOHYHOIXQFWLRQVRIVPDUWREMHFWV
¤ 7ZRZD\ LQWHUDFWLRQPRGHOEHWZHHQ6$0DQG'0 LV QHFHVVDU\ IRU LPSOHPHQWLQJD VPDUW VSDFH7KLV LQWHUDFWLRQ
PRGHO KHOSV GHVLJQHUV SODQ DQG FRQILJXUH VPDUW FRPSRQHQWV LQ VPDUW VSDFH GHVLJQ DQG WR FRQGXFW GLUHFW
SHUIRUPDQFHVLPXODWLRQV,QSUDFWLFDOSRLQWRIYLHZVWKHUROHRI%,0%XLOGLQJ,QIRUPDWLRQ0RGHOQHHGVDVSHFLDO
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)XQFWLRQVRIVPDUWREMHFWDUHUHJXODWHG LQWRDVHULHVRIVHTXHQWLDO OHYHOVVXFKDV61,'$/RSH]UHFRJQL]LQJXVHUV
DQG HQYLURQPHQWV 6HQVLQJ JDWKHULQJ VHQVLQJ GDWD IURP YDULRXV GLVWULEXWHG VHQVRUV E\ QHWZRUN 1HWZRUNLQJ DFFXPXODWLQJ
GDWD LGHQWLW\ 	 VWRUDJH GDWD HVWLPDWLQJ XVHU¶V WDVN XVLQJ VWRUHG LQIRUPDWLRQ 'HFLVLRQPDNLQJ FRQWUROOLQJ FRPSRQHQWV WR
FKDQJHSURSHUWLHV$FWXDWLQJ6LVGHWHFWLQJLQIRUPDWLRQUHODWHGZLWKXVHU¶VWDVNDQGHQYLURQPHQWVWDWH7KHVHLQFOXGHORFDWLRQ
VHQVRUV PRELOH VHQVRUV DQG HQYLURQPHQW VHQVRUV ORFDWLRQ VHQVRUV UHFRJQL]H RFFXSDQW¶V SRVLWLRQ E\ WHPSHUDWXUH LQIUDUHG
UDGLDWLRQ DQG HWF HQYLURQPHQW VHQVRUV UHFRJQL]H HQYLURQPHQWDO FRQGLWLRQ VXFK DV WHPSHUDWXUH KXPLGLW\ LOOXPLQDWLRQ WKH
LQWHQVLW\RIWKHZLQGDQGHWFPRELOHVHQVRUVUHFRJQL]HPRWLRQVRUJHVWXUHVZKLFKDUHDVVRFLDWHGZLWKKXPDQ¶VSK\VLFDOVWDWHDQG



















4. Extended BIM (BIM++) 
6PDUW VSDFH LV D IOH[LEOH V\VWHP WKDW FKDQJHV LWV IXQFWLRQ RU VWDWH LQ UHVSRQVH WR WKH XVHU¶V QHHGV7KLV IXQFWLRQ FKDQJH LV




HQYLURQPHQWDO IDFWRUཛྷVHQVLQJ LQWHUDFWLRQGDWDVXFKDVXVHU¶VEHKDYLRUཝVWRULQJVHQVLQJGDWDཞDQDO\]LQJXVHU¶V WDVNDQG
GHPDQGLQJSHUIRUPDQFHRIVSDFHཟDVVLJQLQJWDVN¶VW\SHWRHOHPHQW¶VIXQFWLRQའRSHUDWLQJGLVWULEXWHGHOHPHQWVWRDSSURDFK
UHTXLUHG VSDFH IXQFWLRQ ,Q GHVLJQ SURFHVV6$0FRQWULEXWHV VHQVLQJ DQG DFWXDWLQJ VHQVLQJ XVHU
VRFFXSDQF\ DQG VXUURXQGLQJ
HQYLURQPHQWDO IDFWRU ཛ VHQVLQJ LQWHUDFWLRQ EHWZHHQ HQYLURQPHQW DQGXVHU VXFK DV XVHU
V EHKDYLRU SDWWHUQV HPRWLRQDO VWDWH
ཛྷDFWXDWLQJSK\VLFDODVVHPEOLHVའ'0FRQWULEXWHVSURFHVVLQJVWRULQJGDWDGHWHFWHGE\VPDUWREMHFWVཝDQDO\]LQJGDWD
DQGLQWHUSUHWLQJXVHU¶VWDVNW\SHVཞ)LJ
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$OWKRXJK H[LVWLQJ %XLOGLQJ ,QIRUPDWLRQ0RGHOLQJ %,0 LPSOHPHQWHG LQ ,)& ; DOUHDG\ UHIOHFWV VXFK VSHFLILF W\SHV RI
VHYHUDOVHQVRUVDFWXDWRUVDQGQHWZRUNHOHPHQWV LQSUDFWLFDOSRLQWRIYLHZV%,0QHHGVWREHH[WHQGHGVRWKDWLWUHIOHFWVUHFHQW














ILUH KHDWPRLVWXUH HWF&ODVVHV RI µ/RFDWLRQ VHQVRU¶ QHHG WR EH H[WHQGHG WR UHIOHFW WKH SRVVLELOLWLHV RI GHWHFWLQJ
XVHU¶V ORFDWLRQ XVLQJ QRW RQO\ WDJ EXW DOVR LQIUDUHG UDGLDWLRQ RU VRXQG &ODVVHV RI µ0RELOH VHQVRU¶ QHHG WR EH
FODVVLILHGLQGHWDLOVRWKDWWKH\FDQUHIOHFWWKHSRLQWVRIYLHZVIRUXVHU¶VEHKDYLRUIURPPRWLRQVWRJHVWXUHV




䷸ $FWXDWLQJ $FWXDWLRQ FDWHJRULHV DUH LQFOXGHG ZLWK SK\VLFDO LQIRUPDWLRQ ZKLFK LV DVVRFLDWHG ZLWK SKDVHFKDQJH
PRWLRQFKDQJH VXFK DV FRRUGLQDWH PDWHULDO SURSHUWLHV +RZHYHU WR LPSOHPHQW IXQFWLRQFKDQJH DQG
FUHDWLRQGHPROLWLRQFODVVHVQHHGWREHH[WHQGHGIRUIXQFWLRQW\SHVDQGH[LVWHQFHVWDWH

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5. Prototyping with the Smart Analog Model (SAM)  





SHUIRUPDQFH RI YDULRXV FRQILJXUDWLRQV ZKLOH NHHSLQJ WKH LGHQWLFDO IRUP DQG VSDFH $QG WKH GHVLJQHU FDQ UHSURGXFH QHZ
SURWRW\SHV ZLWK HDVH E\ DSSO\LQJ ,R7 DQG ' SULQWLQJ WHFKQRORJLHV $IWHU SHUIRUPDQFHV RI 6$0 DUH FKHFNHG LQ SK\VLFDO






%DVHG RQ SUHFHGHQW SDSHU <L  WKH 6$0EDVHG SURWRW\SLQJ RI VPDUW VSDFH FRQVLVWV RI VL[ VWHSV )LJ  )LUVW WKH
GHVLJQHU H[SORUHV SUHFHGHQW SURWRW\SHV ZKLFK PHHW JLYHQ FRQGLWLRQV $ 6HFRQG LI WKHUH DUH QR SURSHU DOWHUQDWLYHV DPRQJ



























,Q WKLV SDSHU D V\PELRWLF PRGHO EHWZHHQ 6PDUW $QDORJ0RGHO DQG 'LJLWDO0RGHO ZDV SURSRVHG 'LJLWDO0RGHO '0 LV
VXSSRUWV WKH JHQHUDWLRQ RI QXPHURXV DQG HYROYLQJ GHVLJQ YHUVLRQV E\ DSSO\LQJ JHQHUDWLYH SDUDPHWULF GHVLJQ DQG GHVLJQE\




DGDSWHG WR XVHU¶V WDVNV SURWRW\SLQJZDV QHFHVVDU\ WR LPSOHPHQW D VPDUW VSDFH GHVLJQ DV RSWLPXP FRQGLWLRQ IRU XVHU¶V WDVN
)XUWKHUPRUHD V\PELRWLFPRGHOEHWZHHQ6$0DQG'0ZDVVSHFLILHG IRU LPSOHPHQWLQJD VPDUW VSDFHGHVLJQ8VLQJ WZRZD\
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